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ABSTRACT. 
This paper applied Portfolio Optimization techniques to determine the most favorable investment 
portfolio. In particular we have evaluated stock indices of three companies, namely Microsoft 
Corporation, Christian Dior Fashion House and Shevron Corporation. Using this data we have 
calculated the amounts invested in each asset when a portfolio is chosen on the efficient frontier. 
In addition, we have also evaluated the Portfolio with minimum variance, tangency portfolio and 
optimal Markowitz portfolio.  
INTRODUCTION.  
Authors have a strong interest in stock market and have an aspiration to utilize the knowledge of 
the Quadratic Programming obtained from the Nonlinear Optimization class. Authors have 
decided to create a portfolio that consist of stocks from three different companies in the period 
from 1st of January 2010 until 24th of April 2015. Hence, in total we obtained 4002 observations 
from the Yahoo Finance official website. The initial capital was obtained from one of the 
authors, who has sacrificed a monthly stipend, namely 100 US dollars. Authors have chosen 
companies that are in different sectors to diversify the risk.  
METHODS. 
Authors have utilized Microsoft Office Excel to calculate vector of means and covariance matrix. 
MatLab was used to perform calculations that are necessary for the formulation of the Quadratic 
Programming Problem.  
 
 OBSERVATIONS. 
The data was retrieved from the Yahoo Finance website. In order to calculate the return for a 
particular period, we need the close price for today and yesterday (Shukla, 2008). The daily 
return can be calculated as follows:  
𝑑𝑎𝑖𝑙𝑦 𝑟𝑒𝑡𝑢𝑟𝑛 =
𝑐𝑙𝑜𝑠𝑒 𝑝𝑟𝑖𝑐𝑒𝒕𝒐𝒅𝒂𝒚−𝑐𝑙𝑜𝑠𝑒 𝑝𝑟𝑖𝑐𝑒𝒚𝒆𝒔𝒕𝒆𝒓𝒅𝒂𝒚
𝑐𝑙𝑜𝑠𝑒 𝑝𝑟𝑖𝑐𝑒𝒚𝒆𝒔𝒕𝒆𝒓𝒅𝒂𝒚
∗ 100%           (1) 
According to  Eq. (1), the daily returns of each company in the period from 1st of January 2010 
until 24th April 2015 have been calculated. In addition, the overall picture of trends has been 
illustrated in the figures below. The data has been compared for each year from 2010 to 2015, 
and in last Fig. 4, compared the overall tendency of stocks for each month for all 5 years.  
  
Figure 1. Shevron Corporation (2010 – 2015) 
Shevron Corporation daily returns, in overall, has positive increase assuming 2010 to be the 
initial year. In July 2014, there is a peak in stock indices, so the daily return for that particular 
period is the highest. However, in the beginning of 2015, stock indices fall below indices of the 
preceding two years, namely 2013 and 2014. The range of the indices varies from just above 
70$/stock to almost 130$/stock.  
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 Figure 2. Microsoft Corporation (2010 – 2015) 
The stock indices of the Microsoft Corporation has much more positive trend, as it can be seen 
from the Fig. 2. From 2010 to 2013 indices fluctuates, when eventually has risen at the end of 
2013, which contributes to continuous rise in 2014. However, indices in the April of 2015 has 
fallen below the indices of 2014. The range of the indices varies from just above 25$/stock to 
almost 50$/stock.  
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 Figure 3. Christian Dior Fashion House (2010 – 2015) 
The stock trend of the Cristian Dior Fashion House is even better of Microsoft corporation, since 
the variation of indices is much higher and the stock trends is seems to be more stable. There is 
an increase in daily returns from 2010 until the end of 2011. Moreover, indices continued to rise 
and then fluctuated around 130$/stock and 140$/stock in 2013 and 2014. However, then indices 
of stocks jumped from 140$/stock to 180$/stock from the end of 2014 to April of 2015.  
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 Figure 4. Comparing all three companies’ stocks (2010 – 2015) 
As it can be noticed from the individual market trends of stock of each company, the Christian 
Dior Fashion House has more expensive price for the stock, and also has a way much stable and 
promising stock investment.  
 
CALCULATIONS AND RESULTS. 
Covariance Shevron Microsoft Dior 
Shevron 1.85029 0.847036477 0.567991723 
Microsoft 0.847036 2.093294386 0.445476487 
Dior 0.567992 0.445476487 2.541787413 
Table 1. Covariances of daily returns 
Since Shevron has the least variance, the most risk-averse policy in to invest the 
major part in Shevron. 
C0 is the initial capital, take C0  as an amount of one monthly stipend which is 
approximately $100.  
 σp2 = 1.5562e+03µp2 --1.5842e+04µp+ 5.1046e+04 
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The above equation can be rewritten as an equation of a hyperbola: 
𝜎𝑝
2
𝐶0
2/𝑐
− 
(µ𝑝 − 𝑏𝐶0/𝑐)
2
𝑑𝐶0
2/𝑐2
= 1 
2 2( 5.0899)
1
1.7602e+07 5.6812
p p  
   
The amounts invested in each asset when a portfolio is chosen on the efficient 
frontier are given by the vector EF : 
-2.4116 1.0e+03 -20.0967
-2.1382 1.0e+03 -2.3595
-2.0018 1.0e+03 22.4002
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By choosing the desired portfolio mean, one can calculate the portfolio on the 
efficient mean. 
The portfolio with the minimum variance is given by: 
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Thus, the amounts invested in each asset of the minimum-variance portfolio are 
given by 
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The values of the tangency portfolio can be determined by 
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The tangency portfolio, which is the portfolio with maximum Sharpe ratio, consists 
for more than 60 percent Christian Dior. As Christian Dior has the highest 
mean/variance ratio. 
Suppose the investor has a parameter of risk aversion 3  .  
Hence, Markowitz portfolio is given by: 
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